Introduction
In recent decades a major increase has been reported in the prevalence of overweight and obesity in different regions of Brazil, both in men and women and from all social classes. This phenomenon has been detected by various population surveys conducted in the last 25 years (INAN, 1991; Monteiro & Conde, 1999) . The mechanisms underlying this trend are still unknown, although researchers have raised hypotheses concerning the consumption of denser diets and a reduction in the level of energy expenditure.
Various cross-sectional and longitudinal studies have shown that accumulated abdominal fat is associated with increased risk of noncommunicable diseases, especially cardiovascular diseases, coronary arteriosclerosis, and overall mortality, in addition to insulin-resistance syndrome, hypertriglyceridemia, and increased low density lipoprotein levels (Folson et al., 2000; Lapidus et al., 1984) .
Diagnosis of overweight and obesity using simple indicators like body mass index (BMI) is extensively consolidated in the literature (WHO, 1998) . Despite its limitations, this indicator has been systematically utilized in epidemiological studies for the diagnosis and evaluation of secular trends in overweight/obesity in children and adults (Monteiro et al., 2000; WHO, 1990) . Due to the seriousness of the problem, there is an intensive search for even simpler, more precise, and more sensitive methods to adequately diagnose excess body fat, associating it with key health problems, to ultimately foster the implementation of preventive and intervention measures. Although there are sophisticated methods like computed imaging techniques for the precise measurement of body fat, such methods are still scarcely feasible in epidemiological studies.
In the 1990s, Han et al. (1995) proposed that waist circumference (WC) ≥ 80cm (action level 1) and WC ≥ 88cm (action level 2) be used as cut-off points to identify women with overweight and obesity, respectively. The action levels were also felt to be indicative for recommending individual weight control and health promotion in women . According to a different view, these levels might reflect only the populations that generated them and were thus probably not applicable to the diversity of the overall Brazilian population (Gus et al., 1998; Okosun et al., 2000; Velásquez-Meléndez et al., 1999) .
The objective of this study was thus to evaluate the capacity of WC to distinguish individuals with overweight and obesity, in addition to testing its association with arterial hypertension using cut-off points proposed in the literature.
Methodology
The current study adopted a cross-sectional design and was conducted at a Municipal Health Center in the city of Belo Horizonte, Minas Gerais, Brazil. The Health Center was chosen because it provides daily out-patient care covering residents from the entire Greater Belo Horizonte Metropolitan Area. Participants were female volunteers in apparent good general health, with no chronic or acute metabolic or infectious complaints, who were treated at the various departments of the Health Center, with the objective of obtaining a wide range of age and BMI values. Data were gathered from January to July 2000, and the initial sample consisted of 827 women from 14 to 65 years of age. The sample size was calculated to obtain accurate estimates of the probability of overweight/ obesity, given a set of covariables (Flack & Eudey, 1993) . For the current analysis, we excluded women under 15 and over 59 years of age (n = 36), producing a final sample of 791 individuals.
A questionnaire containing standardized questions on various aspects characterizing the sample (current and past disease, use of medication, life style, schooling, smoking, demographic and socioeconomic factors, and obstetric history) was applied by trained interviewers.
Weight and height were measured with the individuals barefoot and without excess clothing or accessories. Height was measured to the closest 0.1cm, with a stiff tape measure placed vertically on a flat wall, with the subject standing erect and head in the Frankfurt plane (Lohman et al., 1988) . Weight was measured with a digital scale (Model PL 150, Filizzola Ltd., Brazil), to the closest 0.1kg. These measurements were then used to calculate the body mass index (BMI = weight (kg)/height 2 ). WC was measured with the subject standing, midway between the last rib and the upper edge of the iliac crest, and hip circumference (HC) was measured at the greater gluteal curvature. Both measurements were taken with a stiff fiberglass tape, to the closest 0.1cm. All anthropometric measurements were taken by previously trained anthropometrists, and repeated three times, using the mean value.
Blood pressure was measured by trained interviewers according to criteria proposed by the Joint National Committee (JNC, 1997) with aneroid sphygmomanometers, using the indirect auscultatory method, with the arm resting at the level of the precordium, using Korotkoff phases I and IV to read the systolic and diastolic blood pressure, respectively. Hypertension was defined according to the following criteria: systolic blood pressure ≥ 140mmHg or diastolic pressure ≥ 90mmHg (JNC, 1997) .
Initial statistical analysis involved the description of target variables with means and standard deviations. Sensitivity, specificity, and positive and negative predictive values and their 95% confidence intervals were calculated to evaluate whether WC appropriately identified individuals with overweight (BMI ≥ 25) and obesity (BMI ≥ 30). Bivariate and partial linear regression analysis was used to test possible associations between systolic blood pressure (SBP), diastolic blood pressure (DBP), and anthropometric variables (WC, BMI, and waistto-hips ratio -WHR). Logistic regression, with the different WC categories (level 1 ≥ 80 and level 2 ≥ 88cm) as independent variables, was used to evaluate the effect of the different WC action levels on hypertension. Both linear regression (partial coefficients) and logistic regression used age, schooling, smoking, alcohol consumption, and physical activity as control variables. Age was calculated from the date of birth and included in the model as a continuous variable (minimum 15 and maximum 59), as was education (minimum 0 and maximum 21), measured as complete years of schooling. Life style variables were included in dichotomous form: current smoking (yes or no), alcohol consumption at least once a week (yes or no), and practicing a sport (yes or no).
Sensitivity was defined as the proportion of hypertensive individuals correctly identified by the proposed WC cut-off points and specificity as the proportion of non-hypertensive individuals correctly identified by values below the proposed WC cut-off points.
All statistical analyses used SPSS version 8.0 (SPSS Incorporation, 1997). Results were considered statistically significant with p values < 0.05. The current project was approved by the research ethics committee at Universidade Federal de Minas Gerais. Written consent was obtained from all study participants. Table 1 shows mean values and standard deviations for some anthropometric measurements and blood pressure levels in the sample.
Results
WC values ≥ 80cm (action level 1) correctly identified 89.8% (95% CI: 85.5-93.1) of women with overweight (BMI ≥ 25), while WC ≥ 88cm (action level 2) correctly identified 88.5% (95% CI: 85.5-91.1) of women with obesity (BMI ≥ 30) ( Table 2) .
We observed both bivariate and multivariate statistically significant positive correlations adjusted for age, schooling, smoking, alcohol consumption, and physical activity between WC, BMI, and WHR and SBP and DBP (Table 3) . The weakest correlation coefficients were observed between WHR and both blood pressure levels. Figure 1 shows SBP and DBP data for previously defined WC categories. A clear increase was observed in SBP and DBP with increasing WC. Meanwhile, a slight drop was observed in mean SBP in the 78-81.9cm bracket and in Table 1 Mean and standard deviation for selected variables in a sample of women. mean DBP in the 94-104.9cm bracket as compared to the next highest. Prevalence of hypertension was 17.4%. An association was observed between abdominal obesity and hypertension. Table 4 shows crude odds ratios and odds ratios adjusted for age, schooling, smoking, alcohol consumption, and physical activity. Abdominal obesity (WC = 80-87cm) was associated significantly with hypertension (OR = 2.57; 95% CI: 1.53-4.32), while this association was slightly attenuated when adjusted for other variables (OR = 1.76; 95% CI: 1.01-3.07). When abdominal obesity was de- Table 3 Crude and adjusted correlation coefficients comparing systolic blood pressure (SBP) and diastolic blood pressure (DBP) with waist circumference (WC), body mass index (BMI), and waist-to-hips ratio (WHR fined as WC ≥ 88cm, the association with hypertension was also statistically significant according to both bivariate analysis (OR = 4.75; 95% CI: 3.08-7.31) and adjusted analysis (OR = 2.88; 95% CI: 1.77-4.67). Table 5 shows the predictive capacity (positive and negative predictive values) for two WC levels in relation to hypertension. Sensitivity in detecting hypertension was moderate for action level 1 (63.8%; 95% CI: 55.1-71.7) and low for action level 2 (42.8%; 95% CI: 34.5-54.5), respectively. Specificity was lower for action level 1 (68.0%; 95% CI: 64.2-71.5) as compared to action level 2 (83.3%; 95% CI: 80.2-86.0). In relation to predictive capacity, the positive predictive values were low and similar for both levels. Negative predictive values were high and were also similar for both levels.
Discussion
Recent Brazilian and international research has called attention to the secular increase in the prevalence of overweight in various modern societies currently in transition (WHO, 1998) . This increase has led to great concern among governments and international public health agencies.
A study by Vague (1956) was the first to differentiate the risk of abnormal regional fat deposits, identifying the risk of abdominal fat accumulation. Recent data show that waist circumference is adequately correlated with fat located in the abdominal region (Despres et al., 1991; Lemieux et al., 1996; Pouliot et al., 1994) , which in turn is associated with various health problems (Folson et al., 1990; Han et al., 1998) . This measurement was recently identified as the best indicator for evaluating the risk of cardiovascular diseases in epidemiological studies (Mollarius & Seidell, 1998) . However, there is still no consensus concerning the definition of cutoff points for abdominal adiposity to adequately identify the risk of cardiovascular diseases.
The data presented in this study support and strengthen the validity of using WC to identify overweight and obesity, with the advantage of being a simple and easy measurement. Waist circumference sensitivity, specificity, and predictive values proved satisfactory for diagnosing overweight and obesity at the levels proposed in the literature. However, it is important to exercise caution in using these findings, since in a US population of white, black, and Hispanic women, the WC values corresponding to overweight and obesity varied considerably, ranging from 80 to 90cm, which can lead to a major reduction in the precision of estimates (Okosun et al., 2000) .
In this study, WC, BMI, and WHR showed a positive correlation with blood pressure. It was interesting to note that WC showed a correlation quite similar to that of BMI, while the correlation was weaker for WHR, confirming results from previous studies (Mollarius & Seidell, 1998; Pouilot et al., 1994) . The odds ratio for hypertension after adjusting for covariables was 2.88 for women with WC ≥ 88cm. The group of women with intermediate WC levels showed an excess risk of 76% as compared to women with WC less than 80cm. However, the positive predictive value of WC for hypertension can be considered low. Sensitivity was moderate for action level 1 and low for level 2.
Two similar population-based studies have been conducted in Brazil. In one, hypertension was associated equally with abdominal obesity, WHR, and overweight (Gus et al., 1998) . In the other, a WHR of 0.80 adequately differentiated women at risk of hypertension (Pereira et al., 1999) . Some limitations to this study should be identified. First, the research was conducted with volunteers and non-probabilistic sampling, a factor that could limit extrapolation of the findings. Second, it only presents data for women.
In general, waist circumference with recommended cut-off points WHO, 1998) presents adequate power to differentiate individuals with overweight and obesity, with the advantage of not using mathematical formulas or ratios to define it, like BMI and WHR. Although WC was significantly associated with hypertension in the current study, the WC cut-off points evaluated here (80 and 88cm) showed moderate and low sensitivity, respectively, and low positive predictive values for hypertension, which would lead to a reasonable number of individuals inadequately identified for risk of hypertension, thus limiting the use of these cut-off points for proper, low-cost screening of health risks in population groups.
In short, we conclude that further studies are needed, simultaneously evaluating sets of cut-off points in various Brazilian population groups from different age brackets and both sexes, especially investigating the balance between sensitivity and specificity, allowing for the identification of more appropriate cut-off points for the overall national population.
